ABSTRACT. Earher work on Actin~a indicated that a green morph, which has been described as A. prasina Gosse, 1s genetically distinct from the more common A. equina (L.). Sympatnc populations of green and other morphs of Actinja were obtained from Fleshwick Bay (Isle of Man) and compared by enzyme electrophoresis and by nematocyst analysis. No nematocyst differences were found, but allele frequencies at several enzyme loci differed significantly. It is concluded that at Fleshwick Bay A. prasina is genetically distinct from A. equina and is a valid species.
INTRODUCTION
The intertidal sea anemone Actinia equina (L.) is abundant on rocky shores throughout the British Isles. Its range extends at least over most of the Atlantic and Mediterranean coasts of Europe and North Africa (Stephenson 1935 , Schmidt 1971 , Manuel 1981 , but exact geographical limits are unclear, particularly since the species is also found in South Africa (Stephenson 1935) . It is ecologically very important and consequently has been studied extensively and in many areas.
Actinia equina is highly variable both in colour and morphology (Cocks 1850 , Tugwell 1856 , Gosse 1860 , Stephenson 1935 , Schmidt 1971 , Manuel 1981 and in the past this has led to considerable taxonomic debate. Several early workers gave specific status to a variety of colour morphs (Templeton 1836 , Johnston 1847 , Dalyell 1848 , Cocks 1850 , Tugwell 1856 , MilneEdwards 1857 , but throughout most of this century all have generally been considered conspecific (e.g. Stephenson 1935 , Schmidt 1971 , Campbell 1976 .
Until recently the only taxonomic scheme in general use was that of Stephenson (1935) Thorpe (1981) other biochemical genetic studies have investigated the structure of gene pools in Actinia equina (e.g. Orr et al. 1982 , 1984 ) and in particular Haylor et al. (1984) have shown that a certain green morph is reproductively isolated from other sympatrically occurring morphs of the species. It has been proposed (Haylor et al. 1984 ) that this particular green colour morph should be raised to specific status using the name A. prasina Gosse (1860).
However, the results of Haylor et al. (1984) were for a single locality only and it is at present unclear whether, at other areas where they occur, green morphs are likely to be reproductively isolated from other sympatric Actinia equina. The object of the present study was to use enzyme electrophoresis to investigate the genetic structure of a population of A. equina from another sampling locality and to establish whether here also the reproductive isolation of the green colour morph [A.
prasina Gosse (1860) sensu Haylor et al. (1984) ) was maintained as previously described by Haylor et al. (1984) .
Enzyme electrophoresis is a very useful technique for 
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Samples of Actinia equina (red or brown) and putative A. prasina (green) were collected intertidally from Fleshwick Bay (Isle of Man). This was one of the sampling sites used by Haylor et al. (1984) for their ecological work on Actinia, but it is about 2 km (about 5 km along the shore line) north of the site in Port Erin Bay from which their samples were obtained for electrophoresis. As A. equina is known to reproduce asexually by releasing internally brooded offspring (Orr et al. 1982) all the anemones collected were from at least 2 m apart in order to reduce the probability of sampling individuals from the same clone. Samples were taken from throughout the lower intertidal zone (0.5 to 3 m above chart datum). Anemones with bright pink pedal discs were avoided because it has been suggested , Haylor et al. 1984 ) that these may show genetic differences from other Actinia. All the Actinia collected were maintained alive in running seawater in the laboratory until required for electrophoresis.
Electrophoresis was camed out using standard horizontal starch gel techniques (see e.g. Gordon 1975 , Harris & Hopkinson 1978 , Ferguson 1980 . Gels used 12.5 '10 starch (Sigma Chemical Co., Poole, Dorset, England). Details of buffer systems and sample sizes are given with the results in Table 1 . Tissue samples were taken from the oral disc and column of each anemone and were homogenized in not more than an equal volume of distilled water. Staining methods followed those of Shaw & Prasad (1970) and Harris & Hopkinson (1978) . For further details of electrophoretic methods used see Haylor et al. (1984) , Sole-Cava et al. (1985) and Sole-Cava (1986) .
Nematocyst analysis was canied out on 6 Actinia equina and 6 green Actinia. Comparisons were made for 4 types of tissue (mesenteric filaments, actinopharynx, acrorhagi, tentacles). Nematocysts were classified using standard terminology (Weill 1934 , Carlgren 1949 , Hand 1955 (1978) .
Allele 3 at the Got-2 locus is included in Table 1 , although not found in either sample, because it is present in some other populations of Actinia. A probable second Sod locus found in some individuals in some other Actinia populations was not found in the present work (for discussion of SOD banding patterns see Haylor et al. 1984) . The locus described here is the Sod-l locus of Haylor et al. (1984) .
Most loci showed no significant (p = 0.05) differences between the 2 sets of samples and no locus was diagnostic (i.e. showing an absolute difference; see e.g. Ayala 1983) . However, at a few loci there were considerable differences; the most significant being Mdh-2
Other loci showing significant differences were Cat (X2 = 8.08, df = 1, p = 4.68 X 1OP3), Hk-2 (X2 = 15.71, df = 2, p -3.88 X 10-4) and Pgm (X2 = 5.02, df = 1, p = 0.0251). Est could not be tested by X 2 , but a binomial test on the distribution of Allele 1 was significant (p = 0.0402). Over the 4 loci Mdh-2, Cat, Hk-2 and Pgm the overall X' was extremely significant (X2 = 45.17, df = 5, p = 1.36 X 10-*).
No locus in either species showed any significant (p = 0.05) deviation from Hardy-Weinberg expectations, but, given the general weakness of tests of fit to Hardy-Weinberg ratios on other than large samples sizes (see e.g. Lewontin 1958 , Fairbairn & Roth 1980 , this is not surprising.
Various loci in both Actinia equina and A. prasina showed allele frequency differences when compared with the data of Haylor et al. (1984) and in some cases these differences are statistically significant. Such differences between Actinia populations are common and even over short geographical distances significant genetic differentiation between populations is to b e expected. Reproductive isolation on a very localized scale and absence of significant gene flow between adjacent populations are apparently basic features of the population structure in Actinia.
Results of the nematocyst analysis are summarized in Table 2 . Analysis of variance (Sokal & Rohlf 1981) indicates that there are no significant ( p = 0.05) differences between Actinia equina and the green Actinia in size, type or distribution of nematocysts for any tissue.
DISCUSSION
It is clear from the results of the present work ( Table  1) that at Fleshwick Bay the green colour morph of Actinia shows substantial and highly significant differences in allele frequencies at some loci when compared to the far more abundant red and brown morphs of A. equina. These differences strongly indicate the existence of a barrier to gene flow between the green and other colour morphs of Actinia and, since all the anemones examined were from the same place (i.e. sympatric), it must, therefore, be concluded that the green Actinia are not conspecific with the other morphs of A. equina. Any possibility of the distortion of gene frequencies by asexual reproduction can b e ruled out since none of the anemones used in the present work had the same genotype over all the loci examined and, therefore, no two of them could have originated from the same clone.
The conclusion that, a t Fleshwick Bay, the green Actinia are a separate species provides strong support for the work of Haylor et al. (1984) , who raised the green morph from the nearby Port Erin Bay to specific status as A. prasina Gosse. A comparison of green Actinia from the 2 sites shows those from Fleshwick Bay to b e apparently morphologically indistinguish- However, it may be of note that in the 2 bays where it has been found to date, Actinia prasina is the only green Actinia present and all specimens of the species are identical and uniform in colour. In other parts of Britain many different green morphs of Actinia have been described (see e.g. Tugwell 1856 , Gosse 1860 , Stephenson 1935 , Manuel 1981 , some of which may or may not be conspecific with A. prasina. The original description of Actinia equina given by Linnaeus (1758, p.656 ) (= Priapus equinus Linnaeus 1758) is extremely brief and lacks any sort of useful description. No information on colour is q v e n . In some areas Actinia are reported to occur in a continuous range of shades from pale green through olive to brown, w l l s t green specimens with brown tentacles and brown oral disc are also known (Gosse 1860). Without further work it is clearly not possible to draw any conclusions as to the taxonomic identity of green Actinia from other areas. It is improbable that all green morphs of Actinia will prove to be conspecific with A, prasina; some may be genuine green morphs of A. equina and others could be neither of these species.
The overall level of biochemical genetic differentiation between the 2 species of Actinia from Fleshwick Bay can be measured by any of a variety of indices of genetic distance or genetic similarity (Thorpe 1982) . Estimates of the genetic identity, I, of Nei (1972) and genetic similarity, S, of Thorpe (1979) give figures of 0.955 and 0.870 respectively. These values are very similar to those (0.91 and 0.89) obtained by Haylor et al. (1984) for divergence between A. equina and A. prasina from Port Erin Bay, although they are higher than is usual for estimates between separate species. However, I values are affected by the numbers of alleles present (Thorpe 1979 , 1982 , Hillis 1984 and if, as in the present work, the populations concerned are hghly polymorphic, estimates of I can be unduly high.
From the data presented in Table 1 it can be seen that genetic variability in the Fleshwick Bay populations of both Actinia equina and A. prasina is unusually great (cf. Selander 1976 , Nevo 1978 . Estimates of mean observed heterozygosity per locus are 0.245 (expected 0.261) and 0.276 (expected 0.250) and proportions of loci polymorphic 0.833 and 0.722 respectively. However, in marine lower invertebrates (sea anemones and sponges) extremely high levels of'genetic variability are apparently not uncommon (see e.g. Sole-Cava et al. 1985 , Sole-Cava 1986 , Sole-Cava & Thorpe 1986a , although it is unclear why this should be so.
To assist with future identification of Actinia prasina it would be useful to have a type specimen available in some suitable collection. Unfortunately Gosse (1860) deposited no type material for his Actinia equina var. prasina and, therefore, we have deposited neotype specimens of what we consider to be A. prasina. These are in the collection of the British Museum (Natural History) in London and consist of a designated holotype (Specimen No. 1986. 12. 17 . 1) and 4 paratypes (Specimens 1986. 12. 17. 2-5) .
